A scoring system has been developed to grade the severity of acute systemic illness in babies under 6 months of age. Data were collected on 28 symptoms and 47 signs from 1007 babies with a spectrum of illness ranging from well to seriously ill. Ordinal regression analysis identified 19 symptoms and signs which in combination graded the severity of the illness most accurately. The coefficients were converted to scores. The higher the score the more serious the illness. When applied to a theoretical cohort of 10 000 babies at home, a score less than 8 has a specificity of 98%, and a score of 13 or more a sensitivity of 92%. The positive predictive value for serious illness increases from zero at a score of zero to approaching 100% at scores over 30. The scoring system has been developed into score cards for parents and professionals.
Parents and doctors recognise when babies are unwell, but they sometimes find it hard to gauge the severity of the illness. Early recognition of serious illness in babies might reduce morbidity and mortality.' 2 However, there is little information about which are the important signs and symptoms people should be taught to recognise. The preliminary report of the Department of Health and Social Security study of postneonatal mortality suggested 12 symptoms that warranted medical attention the same day.3 Unfortunately, most were considered to be too common in the community to be useful predictors of serious illness."7 Valman subsequently suggested four 'undoubtedly sinister' symptoms that warranted a paediatric opinion.8 A study in general practice suggested that at least two were 'too common in infants at home to be regarded as truly sinister'. 9 Valman said that 'the incidence of sinister symptoms in the community needs to be assessed and objective methods of assessing serious illness taught'. A recent House of Commons report reinforced this view. '0 In companion papers we have presented information about individual symptoms and signs in babies under 6 months old." 12 They show that many symptoms and signs in seriously ill babies also occur in babies who are mildly ill. A few individual symptoms and signs are seen only in seriously ill babies but these are rare and indicate an advanced stage of illness. Their sole use would mean that many babies would be missed. Furthermore, it would be preferable to recognise that a baby is ill before he exhibits such signs. If less specific symptoms and signs are used to identify seriously ill babies this will increase anxiety and the workload of the family doctor. This paper presents a scoring system that uses a combination of symptoms and signs to grade the severity of acute systemic illness in babies under 6 months old. The study design and details of the statistical analysis have been reported elsewhere. '3 Methods
NUMBERS OF BABIES REQUIRED FOR THE STUDY
Accurate determination of the symptoms and signs associated with serious illness requires the rarest to be recorded at least five times.'4 A study in the community would need to enrol about 30 000 babies to ensure this. The only practical way to collected data from seriously ill babies was to enrol them when they presented to hospital, where the incidence of serious illness is much higher than at home. At least 600 were needed to ensure that the rarest symptoms and signs were recorded at least five times. At home, 300 babies were sufficient to quantify the incidence of all but the rarest symptoms and signs. ENROLMENT 15 The two observers (AJT and PHH) used an identical history questionnaire and examination procedure and practised the assessment to minimise interobserver error. At the end of the study they compared notes to look for systematic differences. As a result two signs, mottling of the skin and mucousy breathing, were found to have been assessed differently and were excluded from further analyses.
GRADING THE SEVERITY OF ILLNESS
The aim of this study was to grade systemic illness. As there is no 'gold standard' for this it was graded subjectively by the assessors into well, mildly ill, moderately ill, or seriously ill. For comparison each baby's illness was also graded, where possible, using other criteria: positive investigation results (n=200), a review of the notes by three independent paediatricians (n=248), and investigation results (n=682). All the babies were also followed up for three days to ensure no serious diseases had been missed. After comparing each of these criteria, the assessor's impression of the illness was chosen as the grading for subsequent analyses because it was recorded for all babies at the time they were seen, and there was a high level of concordance between this and the independent paediatrician's review (x=0 62, p<0001). 16 17 Logistic and ordinal regression analyses were used to identify the best combination of symptoms and signs to differentiate the three illness groups (well plus mildly ill, moderately ill, and seriously ill).20 21 The regression coefficient for each symptom and sign represents the increased chance of a baby being ill when that symptom or sign is present. Thus compared with an asymptomatic baby, the chance of a symptomatic baby being ill is the sum of the coefficients for the symptoms which are present. The regression coefficients were converted to integers by multiplying by to make a manageable score. 22 The total score could then be calculated for each baby by identifying which of the 19 symptoms and signs the baby had, and adding the corresponding scores.
SENSITIVITY, SPECIFICITY, AND PREDICTIVE VALUES
The scoring system is designed to grade the severity of a baby's illness, with increasing scores identifying sicker babies. Specificity (the accuracy with which the score identifies well or mildly ill babies) and sensitivity (the accuracy with which the score identifies seriously ill babies) are calculated for groups of scores as an illustration of the accuracy of the scoring system. Predictive values (the chance of a baby with a given score having a given grade of illness) are shown for individual scores.
Results
Of the 1007 babies, 298 were seen at home and 709 in hospital, of whom 180 were admitted and 529 sent home; two admitted babies died. The assessors' impressions of the babies' illnesses were: 290 well, 305 mildly ill, 247 moderately ill, and 165 seriously ill, of whom nine needed resuscitation.
Of the babies at home 290/298 (97%) were well or mildly ill. None was considered to be seriously ill (table 1) . Of the babies presented to hospital 165/709 (23%) were seriously ill, 239/ 709 (34%) moderately ill, and 305/709 (43%) well or mildly ill. They had a wide range of conditions-for example, upper respiratory tract infection (n=81), lower respiratory tract problems (n= 135), diarrhoea and vomiting (n= 64), feeding problems (n=20), apnoea (n= 16), colic (n=27), intussusception (n= 11), meningitis (n= 10), urinary infections (n= 16), and eczema and dermatitis (n=92).
THE SCORE CARD Table 2 shows the seven symptoms and 12 signs that in combination graded illness severity best. They are presented as the elements of the score card, called Baby Check, for use by doctors and nurses. The complete version includes defmitions, instructions, caveats, and information about interpretation of the score. A booklet for parents has also been produced using identical symptoms, signs, and scores but with more Table 4 shows the score centiles for the grades of illness for babies seen at home and in hospital, for babies admitted and sent home, and some common diagnoses.
SCORES FOR BABIES AT HOME
Of the 298 babies seen at home, six (2%) scored between 8 and 12 and three (1%) scored 13 or more, the highest 16. Thus if the mothers had scored the babies at the time, 2% would have been encouraged to get non-urgent medical advice and 1% urgent advice (table 1) . If the scoring system were used widely in the community a score of 20 or more would occur in 51/ 10 000 (0-5%) babies, of whom 36/51 (71%) would be considered seriously ill and 14/51 (27%) moderately ill; only 1/51 (2%) would be well or mildly ill.
SCORES FOR BABIES IN HOSPITAL
One hundred and forty four (80%) of the babies admitted to hospital scored 13 or more. All the babies with life threatening illnesses such as meningitis or intussusception scored over 20. Table 4 shows the median, 10th, and 90th centiles of the score for some common diagnoses. The specificity of a score between 0 and 7 to identify well or mildly ill babies was lower in babies seen in hospital (189/305, 62%) than at home (286/290, 99%). The specificity for the theoretical community cohort was 9459/9623 (98%). Thus the false positive rate for well or mild illness when used in the community would be about 2%.
The sensitivity of a score of 13 or more to detect a seriously ill baby was 152/165 (92%), giving a false negative rate of 8%. The sensitivity was unchanged for the theoretical community cohort, 43/46 (93%).
FALSE NEGATIVE SCORES
The 8/165 (5%) babies considered to be seriously ill who had scores of less than 8 had diagnoses of gastro-oesophageal reflux (n=3), and one case each of unusual head nodding, convulsion, severe skin rash, early osteomyelitis, and a fractured skull. A further 5/165 (3%) graded as seriously ill had scores between 8 and 12. Their diagnoses were enterovirus infection, renal abnormality, screaming (no diagnosis found), acyanotic heart disease (not in heart failure), and a fractured arm. All these babies either had an obvious problem that needed medical attention, or were not seriously ill.
In the community only 2/9573 (0-02%) babies with low scores (0 to 7) would be considered to be seriously ill.
FALSE POSITIVE SCORES
Three babies assessed as well scored 13, 13, and 17, and 37 babies rated as mildly ill scored 13 or more (five scored more than 17). Review of the case histories and diagnoses suggested that the scores gave a reasonable impression of each baby's illness-that is, they needed to be assessed by a doctor.
MOTHERS' IMPRESSION OF THE ILLNESS COMPARED WITH THE SCORE
For babies seen in hospital the mother's grading of the baby's illness was compared with that of the assessor. The mothers graded 474/709 (67%) babies as moderately or severely ill compared with 404/709 (57%) graded as such by the assessor. The concordance was poor (x=0 26). The mothers' grading of moderate or serious illness had a positive predictive value of 66% and a negative predictive value of 62%. The scoring system using a cut off of 13 or more gave a positive predictive value of 88% and a negative predictive value of 68%. The score was therefore, more accurate at grading illness than the mothers.
Discussion
Paediatricians use their clinical judgment to sift rapidly through many symptoms and signs to assess whether a baby is seriously ill. The scoring system presented in this paper has distilled the 19 factors that in combination can simulate the assessment of one experienced paediatrician (PHH). It is therefore a systematised version of his personal judgment. There was reasonable concordance between PHH and the independent paediatricians, suggesting that the 19 items also reflect their judgment. The significance levels of the 19 symptoms and signs shown in table 2 suggest that if the study were repeated most of the factors would still be identified as important. Use of the score card should enable parents and family doctors to give a grade to the illness severity similar to that of the original paediatrician.
The study data came from two centres, each with its own observer and prevalence of illness. This may have affected the 19 symptoms and signs identified. However, this difficulty has been considered during the analysis. In addition to the results presented in the combined data, separate analyses were carried out on the Melbourne data alone to remove the interobserver effect. The results were very similar, with the same combination of symptoms and signs being identified, although there were differences in the values of the scores, reflecting the inclusion of a large number of well babies in the combined data set. The similarity of the results suggests that illness severity rather than any difference between the two observers or centres was the reason the individual symptoms and signs were selected.
Although the prevalence of disease in the two centres was different, the signs and symptoms associated with specific conditions such as bronchiolitis were the same. Thus the combination of symptoms and signs should be useful for grading illness anywhere.
A scoring system to be used by inexperienced people must not miss serious illness. The 8% false negatives either had conditions that would not have been considered serious by other observers, or would have been recognised from other features (for example, a swollen immobile arm in the case of osteomyelitis).
The score assesses the severity of acute systemic illness. Some conditions, such as a convulsion, obviously need medical attention but may get a low score if the baby is not systemically ill.
In most cases a score is not needed to assess such conditions. If there is any doubt, however, the score can still be used to show the level of systemic illness. For example, a baby with a fit may score 0 if generally well, or 30 if it has meningitis. The score card includes specific information about conditions which need medical care but which score low. The scoring system is not a substitute for common sense or experience, rather it is a tool to help people quantify the severity of an illness.
The score grades the illness at the time it is done and can be repeated to assess whether the baby is getting better or worse.
If the scoring system were to be used at home it would probably not increase the number of mothers seeking medical attention. In this study it would have encouraged 1% to seek urgent attention and 2% non-urgent advice. In fact 3% had seen the doctor on the day of the assessment and two babies were under review. " An unrecorded number had also seen the midwife or health visitor. Babies at home who scored less than 8 were very likely to be considered well or mildly ill. Thus the score card should give mothers confidence not to seek medical advice. It could also encourage them to seek urgent medical advice appropriately if their baby had a high score.
Some symptoms and signs that might be considered important were not selected for the score card. This was because either they were very uncommon, or other factors in combination were better at differentiating the illness, or their addition did not significantly improve the accuracy of the score.
Some people might be unhappy about mothers measuring rectal temperature. A digital thermometer is provided with the mother's score card. It has a rounded end 3 mm in diameter and a flange to prevent insertion too far into the rectum. Illustrations show how it should be used. Our experience, and that of others,23 is that mothers can safely measure rectal temperature.
This scoring system is the most accurate system for grading acute systemic illness we could devise. Although it would be desirable to have a simple check list of a few individual symptoms and signs'5 it would not grade the illnesses as accurately, nor be so sensitive or specific as the Baby Check system, which uses a weighted combination of symptoms and signs.
It is important to find out how the score card works in practice, whether or not people can use it and find it useful, and how accurate it is in different situations. These issues have been studied in field trials, the results of which are reported in companion papers.2F27
In conclusion, the Baby Check scoring system using a combination of 19 symptoms and signs appears to be a highly sensitive and specific tool which should be useful to help quantify the severity of a baby's systemic illness. NOWCA Some small babies get into alarming difficulty with nasal obstruction or snuffliness. Reference to standard paediatric texts for guidance on the management of this problem is singularly unhelpful. Perhaps the first step is to have a name for the problem so that we can recognise it and talk about it. Derkay and Grundfast in a welcome paper (International Journal ofPediatric Otorhinolaryngology 1990;19:241-9) call it NOWCA (nasal obstruction without choanal atresia). They describe 15 babies aged between 1 week and 8 months seen in Washington DC. Methods of assessment included fibreoptic and rigid tube endoscopy, computed tomography of the nose, and sleep studies with measurement of heart rate, chest wall movement, nasal or tracheal air flow, and oxygen saturation by pulse oximetry. Of the 15 babies four had oedema of the nasal mucosa, three each had isolated choanal stenosis, choanal stenosis with other craniofacial anomalies, and adenoid obstruction, and two had congenital syphilis.
Therapeutic measures included insertion of a nasopharyngeal airway, steroid nose drops, adenoidectomy, and home cardiorespiratory monitoring after teaching parents about resuscitation. Twelve of the babies were well by 6 months of age and the other three by 9 months.
I suspect that this is a fairly common problem that we've been slow to latch on to, though I don't expect to see many caused by congenital syphilis. The next time you see your friendly ear, nose, and throat surgeon say 'NOWCA' and if he doesn't respond hit him about the head with this paper.
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